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[57] ABSTRACT

An automatic flue gas heat recovery system for supple-
menting or replacing a conventional, separate hot water
system. In the example described, the heat recovery
system is applied to a pizza restaurant where large quan-
~ tities of heat energy are normally wasted up an oven
chimney stack, and large quantities of hot water also are
required for restaurant operations. An electric motor
driven pump circulates water in a closed loop between
a storage tank and a heat exchanger tube located in the
oven chimney stack. A thermostat control automati-
cally starts the pump when the oven heats the chimney
stack to an effective water heating temperature. When
temperature in the storage tank reaches a predeter-
mined maximum, the thermostat control stops the
pump, opens a drain valve, and dumps water quickly
and completely from the heat exchanger tube. Three
different embodiments are shown and described illus-
trating systems with one or more storage tanks and one
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AUTOMATIC FLUE GAS HEAT RECOVERY
' SYSTEM

BACKGROUN b OF THE INVENTION

Forced air:ovens and furnaces.such as those used-in
. baking certain foods such as pizzas waste 90% or more
of their. heat: lnput up the exhaust flue. Air is pulled in,

heated, moved in a smgle pass.over. the product being

baked,. and exhausted immediately -up the:flue. The
desnrablhty of i mcreasmg the efficiency of these units has
risen with the upward spiral of energy costs. Attempts
have been made to conserve energy by recycling the
- heated. air in multiple passes but this has required com-

: phcated and expensive machinery, and, when applied to

pizza bakmg operations for example, have always re-
sulted in a pizza product having degraded taste or tex-
ture.
In a typical pizza restaurant, the oven may be rated at
-a- maximum of 70 kilowatts -electrical power input. It
will maintain a full oven baking temperature of 500° F.
with a constant average input of 33 kilowatts or 113,000
BTU per hour..About 5% is used in heating the room,
4%'is absorbed by the product being baked, and about
91% is constantly lost up the stack. This is approxi-
- mately 30 kilowatts or 102,400 BTU per hour lost, hour
after hour, twelve hours-a day.

"That same, typical pizza restaurant is likely to have a

45 kilowatt electric water heater which will run approx-
- imately half the time with an average input of 23 kilo-
~watts or 78 506 BTU per hour. Therefore, if only 77%
of the waste heat going up the stack could be re-cap-
tured and used for water heating purposes, no primary
energy would be needed.

Because of such substantial energy requlrements just
to generate the hot water needed in a pizza restaurant,
if all or even-a major part of the energy needed for hot
water could be recovered from the stack, the cost sav-
ing would be astoundmg, amounting to many thousands
of dollars per year. in a single medium size restaurant
operatmg only twelve Hours per day

Users of electrical energy for ovens of this type are
charged by the power generating utility in two ways:
first, for the actual amount of power consumed; and,
second,. for the peak load capacity’ which the power

‘company has to maintain. Thus, cost savings could
result in excess of the actual energy savings, simply by
lowermg the peak KW demand.

' It has long been recognized by people skllled in this
field that utilizing . the waste flue heat to produce hot
water for cleaning, cooking, heating and general wash-
room and restaurant use would be the answer to recov-

.ering ;some of this wasted energy. A problem never
solved. prior to the present invention has been how to
limit.or stop heat transfer from a high capacity oven or
fumace, to the water .in. which the recovered heat is
being transferred, when the storage tank or tanks are at
_their. maximum temperatures and no further tempera-

ture increase would be safc or desirable at that particu-
lar time.

As a practical matter, 160° F. is the maximum temper-
ature that water should be heated.in a coil, and stored in
a tank at ordinary domestic tap water pressures, without
causing localized boiling and lime deposition. Since the
flue gases are always at much higher temperatures than
the boiling point of water, simply stopping the flow in
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the heat recovery coil could allow the water in the coil
to rise to dangerous temperatures and pressures.

‘Prior art systems have attemped to solve this problem
in various ways. Farris U.S. Pat. No. 4,211,187 allows
the water to boil out of the heat recovery coil into a
holding tank. Estabrook U.S. Pat. No. 3,999,709 dissi- .
pates the excess heat through a secondary coil when the
holding tank is at its predetermined maximum tempera-
ture. Pemberton et al U.S. Pat. No. 4,066,210 simply
stops the circulatory flow and does not address the
problem of overheating in the coil tubes. Borovina et al

U.S. Pat. No. 3,896,992 and DeBoer U.S. Pat. No.

4,136,731 both have systems designed for very low
output home-type furnaces. These home-type furnace
systems do not adequately solve the problem of over-
heating in the heat recovery coil tubes; they simply rely
on a thermal siphon method of holding down tempera-
ture which is inadequate for a high output oven with
flue temperatures reaching 600°~700° F. Each of these
prior art systems fail the test of practicality because of .
inefficiency, complexity, tendency for lime to build up,
or the possibility of overheating or overpressure leading
to rupture of a tube or tank. For these reasons, none of
the systems developed in the past are practical for use
on a high capacity oven.

" Accordingly, this situation is in need of improvement.

SUMMARY OF THE INVENTION

A general object of the present invention is to reduce
or eliminate the need for using primary energy to pro-
duce hot water in and around operations such as pizza
restaurants having forced air ovens and furnaces.

A particular object of the present invention is to
transfer heat from hot oven flue gases to water in a heat
recovery tube and circulate it to a hot water storage
tank for use as and when needed.

--An important part of the invention is a solution to the
problem of stopping heat transfer from the heat ex-
changer tube to the circulating water medium once it
has reached a practical maximum temperature, 160° F.
or thereabouts, above which there is the likelihood that
lime precipitation within the tube may lead to danger-
ous overpressures and tube or tank rupture.

More specifically, in the system of the present inven-
tion, when the water temperature reaches a predeter-
mined ‘maximum, a drain valve for the heat recovery
tube automatically opens, dumping the water immedi-
ately and completely from the heat recovery tube, elim-
inating any possibility of excess water temperatures or
pressures and preventing lime deposition in the heat
recovery tube.

GENERAL DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Other objects and advantages will be apparent from
the following description taken in connection with the
accompanying drawings in which:

"FIG. 1is a diagrammatic view of one embodiment of
the present invention utilizing a single hot water storage
tank;

FIG. 2 is a diagrammatic view of another embodi-
ment of the invention showing a variation of FIG. 1
utilizing two hot water storage tanks, one of which may
be an existing water heater;

FIG. 3 is still another embodiment of the invention
utilizing two storage tanks and separately operable cir-
culating pumps; and
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FIG. 4 is a schematic drawing of a modified oven
control circuit.

Like parts are indicated by like reference characters
throughout the figures of the drawings.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

'A preferred embodiment of this invention is shown in
FIG. 1 which illustrates a system for recovering heat
conventionally lost in the hot flue gases of an oven and
using it to provide hot water.

The system comprises an oven 20, water flow control
electric solenoid valves 22 and 24, a hot water storage
tank 26, a heat exchanger housing 34 connected in a flue
. 32 between oven 20 and a chimney (not shown), a heat
exchanger coil or tube 28 within the housing, a hot
water circulating pump 44 driven by electric motor 38,
and thermostat control units 40 and 42.

A prime example of a location where the invention is
extremely beneficial is in a restaurant where pizzas are
baked on the premises and where large quantities of
very hot water are needed for washing, cleaning, rest-
rooms and general restaurant purposes. For best results,
to provide a gourmet quality pizza with a proper, deli-
cate crust and flavor, it must be baked quickly at a very
high temperature. Flue gas temperatures up to 700° F.
are typical.

For purpose of a spe01ﬁc example, the oven 20 is
illustrated as a pizza oven. Flue gases 30 exhausting
from the oven into the heat exchanger housing 34 are
evenly distributed across the coil 28 by deflection baf-
fles 46.

. Each valve 22 and 24 comprises, in the simplified
form shown, a suitable valve body 48 defining a bore
chamber or bore 50 and reciprocably receives valve
slide 52 formed with passageway 54. In valve 22, the
slide moves passageway 54 to and from an open position
aligned with water recirculation conduit 55; similarly,
in valve 24, the slide moves passageway 54 to and from
an open position aligned with water drain conduit 57.

Each valve slide is associated with a solenoid 56
which, when energized, moves the slide against a bias-
ing spring 58. Valve 22 is normally closed, that is, when
its solenoid is de-energized, the spring moves slide 52 to
the FIG. 1 position where it communicates between
conduit 118 and recirculation conduit 55. Valve 24 is
normally open, that is, when its solenoid is de-ener-
gized, the spring moves the slide 52 to the FIG. 1 posi-
tion where its passageway 54 opens drain Tine conduit
57.

Hot water storage tank 26 has an electric heating coil
- 60 which is energizable to maintain a minimum water
temperature at night and other times when the oven 20
may be off for extended times. The tank is equipped
with a safety pressure relief valve 27 and discharge
conduit 29. '

Thermostat control 40 comprises, in the schematic
formshown, a temperature ‘sensor 62 extending into the
tank,-a rotatable shaft 64 which is rotatable clockwise
with increasing temperature, and counterclockwise
with decreasing temperature. Electrical contact blades
66 and 68 are mounted on the shaft and rotatable with it.
They are in wiping engagement with arcuate contacts
70 and 72 respectively. Contact 70 is somewhat shorter
than 72. In the example shown, wiper blade 66 disen-
gages contact 70 at and above 120° F.; and wiper blade
68 disengages contact 72 at and above 160° F

45

55

4

Thermostat control 42 comprises, in the schematic
form shown, a temperature sensor 74 extending into the
heat exchanger housing 34. This is associated with a
bellows 76 and a reciprocable shaft 78 carrying movable
switch blades 80 and 82. When the temperature sensed
by sensor 74 is below 300° F., indicating the oven 20 is
off, the bellows 76 will contract, disconnecting blade 80
from contacts 84,84 and connecting blade 82 with
contacts 86, 86 as shown in solid lines in FIG. 1. When
the temperature sensed by sensor 74 is above 300° F
indicating the oven 20 is on, the bellows 76 will expand,
connecting blade 80 with contacts 84, 84 and discon-
necting blade 82 from contacts- 86, 86 as shown in bro-
ken lines in FIG. 1.

Water outlet conduit 88 is connected to suitable
points of use such as hot water service lines in the res-
taurant, in the example given. Water inlet conduit 90 is
connected to a suitable private or municipal supply of .
fresh, clean water under pressure.

The system of the present invention functions com-
pletely automatically, transferring heat from the oven
flue gases 30 to the hot water storage tank 26 when the
oven is on and the tank is calling for heat. When the
oven is shut down for an extended period, the system
automatically maintains a minimum temperature in the
tank by energizing electric coil 60 from time to time. A
very important feature of the invention is that, when the
oven is on and the storage tank is at maximum tempera-
ture, and therefore no additional hot water is needed,
the water discharge valve 24 is automatically opened to%
dump the water from the heat exchanger coil immedi-"
ately and completely. This prevents overheating, boil-
1ng, liming out, and possible dangerous pressure bulld-
up in the heat exchanger coil.

A complete operating cycle for the system w111 now
be described.

First, consider the “OFF” mode shown in FIG. 1.
This is the system condition after regular business hours
when the restaurant is closed. The oven is off and cold,
so the temperature in heat exchanger: housing 34 is
below 300° F. In thermostat control 42, blade 80 is
open, disconnecting line 92 from electrical power line
L thereby de-energizing motor 38 to stop pump 44, and
de-energizing solenoids 56 of valves 22 and 24 causing
them to assume their normally closed and open posi-
tions respectively. Open valve 24 drains the heat ex-
changer coil 28, and water conduits 55 and 120 all the
way back to closed valve 22 and check valve 104, re-
spectively. Vacuum breaker vent valve 106, connected
by conduit 108 to conduit 55, allows air to enter and
replace the water in heat exchanger tube 28. One such
vent valve which is highly satisfactory is Model R561
marketed by RICHDEL, INC., Solar Products Co.,
Carson City, Nevada. Vent valve 106 is of the type
allowing air to pass in either direction without allowing
water to flow out.

Further, in the “OFF” mode, blade 82 in thermostat

" control 42 is closed, connecting power line L through

60

line 94 to heating element 60 in storage tank 26. The
opposite end of heating element 60 is connected
through line 96, wiper blade 66, arcuate contact 70, line
98, arcuate contact 72, wiper blade 68, and line 100 to
electrical power line Ly. At temperatures below 120°
F., blade 66 engages arcuate contact 70, energizing the
heating element, thereby maintaining the storage tank at
120° F. for immediate use when the restaurant opens.
120° F. is only one example of a suitable holding tem-
perature. If the pizza oven is not on full time during
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restaurant hours to provide hot-water in sufficient quan-
tity or at high enough temperature, arcuate contact 70
may, be longer to provide a holding temperature higher
than 120° F..in tank 26. Alternatively, a modification
(not.shown) of control 40 may. be provided in which the
holding temperature is manually adjustable to fit differ-
ent’operating.conditions.

Next, consider the “ON”.mode, as for example when
the oven 20 is.placed in operation following the ex-
tended “OFF” mode:period just-described. :As soon as
flue gases 30 heat sensor 74 above 300° F., switch blades
80-and. 82 are moved to closed and open positions, re-
spectively, as shown in broken lines in FIG. 1. Opening
blade 82 de-energizes heatmg element 60. Closing blade
. 80 simultaneously energizes both valve solenoids 56, 56
‘and pump motor 38.: The solenoid ' of: valve 22, and
.pump’ motor 38 are energlzed by a.circuit extendmg
between power lines Lyand L, via lines 92, 110, 112, 114
and 98, arcuate contact 72, w1per blade 68, and line 100,
The solenoid of valve 24 is energlzed by d circuit ex-
tendmg between power lines Ly and L via lines 92, 116,
114, 98, arcuate contact 72, wiper blade 68, and line 100.

Thus, in Tesponse to operation of the: oven, heating
element 60 is de-energized, drain valve 24 closes, valve
22 opens, and pump 44 circulates water in a closed loop
between nheat exchanger coil 28:and hot water storage
tank 26 via conduit 118, shut- off valve 22, conduits 55,
120 and 122. Flow i in this loop is in the direction deter-
mined by the orientation arrow on check valve 104.

"An’ rmportant feature of the i invention is that the heat
exchanger coil 28 is 1nherently self-cleanmg Because

. the coil is dumped by drain valve 24 each time the water
temperature reaches 160° F., there is Very little liming
inside'it.” At thé. begmmng of the “ON” mode, as de-
scribed above, the coil'is heated to about 300° F. before
inlet'valve 22 is opened to admrt Wwater to the coil. The

coil ‘is ' made of copper, steel’ or other metal; so it

stretches substanttally dlfferently from any lime ‘accre-

tion inside it, 'so it will’ be loosened by heatmg Then,

when ‘inlet Valve 22 opens’and m_]ects relatlvely cool
water into the hot coil, the resultmg thermal shock will
scour any loosened lime from the: corl surface.
.. Air, which replaced water in ‘coil 28 when drain
valve 24 was opened ‘at ‘the begmmng of the “OFF”
mode, will be purged from vent valve 106 when it ap:
- pears in condurt 55 at the begmmng of the “ON” mode.
Cold make—up water will enter ‘through ‘conduit 90 as air
is-vented and enhance the hme—loosemng thermal shock
effect descrlbed above. The suddén influx of water will
blast the. loosened lime off the coil wall. :
In the “ON” mode;, water temperature continues to
increase untll it feaches somie predeterminéd maximum
value:above which further heatmg is-neither needed nor
desirable, While this value may vary from one appllca-
tion to another, 160°F. is'a-practical maximum tempera-
ture’ in the’ eqmpment illistrated.: This is suffi iciently
below the practlcal boiling point of water: in' the heat
exchanger ‘coil 28 that ‘boiling and'liming are not likely
t0 occur even m Tocalized hot spots and cavitation ar-
eas. For this’ reason, ‘the maximum water temperature,
determined by contact 72 of control 40, is fixed at 160°

F. Altematrvely, a modification (not shown) of control

40 may be provided in which the maximum temperature
is adjustable to suit & particular application:

‘In’the “ON" mode-described above; with water cir-
culating. between: the coil 28'and tank 26'at the rate of,
say, 13 gallons a ‘minute; and assuming none is drawn off
through outlet conduit' 88; the temperatute rise’ across
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6
the coil will be 7° F. to 9° F. When the predetermined
maximum of 160° F.'is sensed by sensor 62 in control 40,
wiper contact 68 runs off the end of the arcuate contact
72. This de-energizes the entire system by dlsconnectmg
power line L. This simultaneously de-energizes pump
motor 38 and-both valve solenoids 56, stoppmg the
pump, closing inlet control valve 22 and opening drain
valve 24. The water in coil 28 will instantly be dumped
through wide-open valve 24 and drain conduit §7. This
is-an important feature of the invention because, if the
temperature of water in the caoil 28 is allowed to in-
crease much above 160° F. as the oven continues to heat
the coil, it would turn to steam and the coil would fill up
with lime deposits in a short time. Further, pressure
would'build up-and, if both emergency relief valves 27
and 37 failed to open, the coil 28 or one of the connect-
ing conduits would burst.

After the system is closed down at the maximum 160°
F. temperature as described above, and with the oven
still on, hot water may be drawn through outlet conduit
88. Cold make-up water from conduits 90 and 122 will
lower the temperature in the tank. When the water
temperature in the tank drops sufficiently to re-engage
wiper ‘blade 68 with arcuate contact 72, the system is
re-activated through power line L;. Pump motor 38 and
both valve solenoids 56 are energized. Valve 22 is
opened, valve 24 is closed, and pump 44 again circulates
water between the heat exchanger coil 28 and storage
tank’26 until the 160° F. maximum is reached and the -
coil once again emptied through drain valve 24.

" Thermostat control 40 is illustrated only schemati-
cally, with wiper blade 66 engaging arcuate contact 70
below 120° F. and with wiper blade 68 engaging arcuate
contact: 72 below 160° F. for simplicity. The actual
hardware will be somewhat more comphcated While,
as the storage tank temperature increases, wiper blades
66 arid 68 will disconnect from the contacts at 120° F.
and 160° F. respectively, they will reconnect at some-
what lower temperatures for example 110° F. and 150°
F. respectively, to avoid hunting. A simple way of ac-
complishing this is with some lost motion between shaft
64 and blades 66 and 68. This is conventional control
switch construction s0 w1ll not be descrlbed in further
detail.

When the oven 20 is shut off and the restaurant closes
for the night, -the system automatically goes into a
standby mode. In control 42, switch blade 80 opens,
stopping pump 44, closing inlet valve 22 and opening
drain valve 24 to dump the water from coil 28, Heating
elément 60 is energized from time to time only as neces-
sary to maintain the 120° F. predetermmed holding
temperature in the tank.

Alternatively, instead of making the operation  of
valves 22 and 24 and pump 44 responsive to: flue gas
temperature in housing 34, they may be enérgized and
de-energized concurrently with-the oven heater coil as
shown in' FIG. 4. A manually operable switch 42a
would be substituted for the automatic thermostat con-
trol 42. When the switch 42¢ is in the solid line position
shown in FIG. 4, the oven and other components would
be off. When switch 42z is closed, that is, moved to the
broken line position shown, the aven heater coil 91 and
blower 93 would be connected between L and L; via
closed 'switch blade 872 and conductor 89. Concur-
rently, the pump 44 and valves 22 and 24 would be
energized through conductor 92, and the heater coil 60
wotld be energizable through conductor 94.
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FIG. 2 is a variation of the system shown in FIG. 1
which is in intended for use in an existing restaurant
already having a conventional hot water heater 26A.
The systems of FIGS. 1 and 2 are the same except that
the single, large storage tank 26 is replaced by two
separate tanks 26A and 26B. Tank 26A has its own
separate inlet and outlet conduits, and its own tempera-
ture control. It may be operated either by electricity or
by gas. Tank 26B is an additional tank comparable to

tank 26 in the respects that they are both connected to .

water recirculation conduits 120 and 122, both have a
heating element 60, and both are associated with the
thermostat control 40. Tanks 26A and 26B are intercon-
nected by a crossover conduit 128. Pressure relief
valves 27A and 27B connected respectively to dis-
charge conduits 29A and 29B provide individual over
pressure protection.

Use and operation of the two tank system shown in
FIG. 2 is similar to that described for the one tank sys-
tem of FIG. 1.

FIG. 3illustrates another embodiment of the inven-
tion. The oven 20, exhaust flue pipe 32, heat exchanger
housing 34, heat exchanger coil or tube 28, tank 26 and
- heating element 60, and thermostat controls 40 and 42
are comparable to the same parts shown in FIG. 1. Tank
26 may be an existing hot water heater already on the
premises when the system shown in FIG. 3 is installed.
It may therefore be considered an auxiliary tank, aug-
menting a main tank 130 which is merely a storage tank,
having no individual water heating unit. A dual valve
131 comprises, in the simplified form shown, a valve
body 148 defining a bore chamber 150 which reciproca-
bly receives valve slide 152 formed with two passage-
ways 154 and 155. The slide 152 is movable by a spring
158 to a right-hand position shown in FIG. 3 where
passageway 155 opens a drain conduit 157. A solenoid
156, when energized, moves the slide 152 leftwise
against the bias of spring 158 to a position where pas-
sageway 154 opens main conduit 160 while passageway
155 moves out of alignment with drain conduit 157 and
closes it.

Thus, when solenoid 156 is energized, conduit 160 is
open and conduit 157 is closed; and when solenoid 156
is de-energized, conduit 160 is closed and conduit 157 is
open.

A main pump 162 driven by an electrical motor 164
is connected to main tank 130 by a suction conduit 166.
Main conduit 160 is connected to one end of the heat
exchanger coil 28 and an intermediate portion is con-
nected to the drain conduit 157. The opposite end of the
heat exchanger coil 28 connects by means of another
main conduit 170 to tank 130. A check valve 104 con-
trols the direction of movement of the water within
conduit 170. A pressure relief valve 137 protects the
coil 28 from over pressures. A vacuum breaker vent
valve 106 is connected to the upper leg of the heat
exchanger coil 28 by means of a conduit 108, these
elements being the same as described in the FIG. 1
embodiment.

An auxiliary pump 172, driven by electric motor 174
is connected, with check valve 176 in auxiliary conduit
178 which interconnects main and auxiliary tanks 130
and 26. An auxiliary or secondary circulation loop is
thus provided through auxiliary pump 172 into tank
130, out conduit 182 into tank 26, and out tank 26
through conduit 178 back to pump 172. Auxiliary pump
motor 174 is energized to activate this auxiliary circula-
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8
tion loop when flue gases exceed 300° F. and tank 130 is
at 120° F. or above.
The system of FIG. 3 also functions completely auto-
matically, transferring heat from the oven flue gases 30

when needed, and dumping water from heat exchanger
coil 28 when not needed. As with the other two em-

bodiments described, when the oven is shut down for an
extended period, the system automatically maintains a
minimum temperature in auxiliary tank 26 by energizing
electric coil 60 from time to time to keep the water
ready for use at some suitable minimum temperature
such as 120° F

The system has six different modes of operation,-
depending on system variables, as will be descrlbed
below.

In Mode 1, the oven is turned off and cold. Only the
heating element 60 is energizable by connections to
power lines Lj and L via line 184, closed blade 82, line
186, heating element 60, line 188, blade 66, arcuate
contact 70, and line 190. This keeps the water in tank 26
hot during night time or other periods when the oven is
off. This assures hot water to begin restaurant opera-
tions at start up. Open switch blade 80 disables both
pump motors 164 and 174, and the solenoid 156. Circu-
lation conduit 160 is closed and drain conduit 157 is
open to completely drain the heat exchanger coil 28 and
thereby prevent lime build-up or possible overheating
of water while the oven is cooling down. Tank 130,
having no heat input of its own, loses temperature at the
rate of 3° F. per hour and may be down to 80°-90° F
when starting up morning operation.

In Mode 2, at morning start up, the oven is turned on
and tank 130 has dropped to less than 120° F. overnight.
As soon as the oven brings the temperature in the heat
exchanger housing above 300° F,, the bellows 76 ex-
pands, blade 80 closes and blade 82 opens. This disables
the heating element 60. It cannot operate while the oven
is on. The closing of switch blade 80 energizes both the
solenoid 156 and the main pump motor 164. The sole-
noid is energized between Lj and L via a circuit com-
prising line 192, blade 68, arcuate contact 72, line 194,
196, 198 and 200, blade 80, and line 202. Pump motor
164 is energized by this same circuit plus lines 204 and
206. .
The solenoid shifts valve slide 152 to its leftwise posi-

tion, opening conduit 160 and closing the drain conduit

157. The main pump 162 circulates water in a closed
loop between heating coil 28 and tank 130 via main
conduits 160, 170 and 166. The air in the heat exchanger
coil 28 is purged out through the air vent 182 and make-
up water enters through conduit 90 to replace the air. In
a typical installation, the temperature in tank 130 rises at
about 1 to 13° F. per minute.

In Mode 3, the oven is still on and the water in tank
130 reaches a temperature of 120° F.

The auxiliary pump 172 has not been operated up to
this point because the temperature in tank 130 was
below 120° F. This is so the water in tank 26 which has
been kept at 120° F. by heating element 60 will not be
diluted by the colder water of tank 130. However, when
tank 130 reaches 120° F., and the two tanks are there-
fore at the same temperature, thermostat switch 208
closes and starts auxiliary. pump 172. Auxiliary pump
motor 174 is energized between power lines L) and La
via a circuit comprising the same circuit which simulta,
neously energizes the main pump motor 164, plus lines
210 and 212 and closed thermostat switch 208.
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- Now, with main pump circulating water between the

heat.exchanger conl 28.and tank 130, .and the auxiliary -

- pump, cxrculatmg ‘water between the..two . tanks, the
temperature in both tanks rises; at the same rate.
-In Mode 4 where the oven'is still ‘on and both tanks
reach 160°, F., the system is at;peak.temperature. Blade
.. .68:moves; beyond ;the ‘arcuate icontact: 72 -and all the
. electrical functions are disabled.. Both: pumps turn off.
Solenoid 156 de-energlzes, closing .conduit:160: and
opening dram .conduit 157..This drains entire heat ex-
.changer coil. ‘28‘ quickly and completely, the water being
replaced by air entering through the vent 106. Since the
oven.is still. on and exhaustmg hot gas, if coil 28 were
.not; drained qurckly, it; would turn to.steam, pressure
would. build ‘up, and,if the emergency relief valve 137
failed to open,.the: corl 28 or one.of the parts connected
to it would burst. Also, heating the water.over 160° F
would. cause, the coil to ﬁll up w1th lime. deposnts ina
short tlme i
JIn Mode 5 the oven 1s on and the water in tank 26
drops below 160° F. After, havmg shut down in. Mode 4,

N, heat ‘was transferred to, the water, $0. drscharge of

water through condult 88 to the point of use dropped
the temperature m ‘tank 26 At thls time, blade 68 will
again engage. the arcuate contact 72. Both pumps 162
and 174 start. Solenoid 156.energizes shlftmg the valve
sllde leftwtse to open’ lme 160 and. close drain line 157.
Agam, the air in the. heat exchanger corl 28 is-purged
"ot the air vent 106. The system wrll then run, untﬂ both
tanks are’ at 160° F ,@‘when the system drops. back into
Mode4. '

Mode 6 isan emergency mode In case valve 131 fails.
: to open dram line 157 or in case all power is off, water
would be trapped in_the. heat exchanger coil 28. This
= would lead to overheatmg, pressure build up, and possi-
ble: burstlng For thls reason, relief. valve 137 i is an ex-
tremely: 1mportant component of the FIG. 3 embodi-
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ment.‘ In the event of such pressure t build up, it w111 open .

ble off. pressure before any harm can be done.
The cost savmgs of the present invention have been

! clearly demonstrated ina ‘pizza’ restaurant in Central.

Iilinois where a conventronal electrrc water Teater has

* been replaced by the present system Durmg the first -

three months of operatlon, energy savings were 23%
lower ompared with'the average for the comparable
perrod m‘the prevrous two years as shown in the follow-
mg chart ‘ IR ‘ ‘

::KWH Energy

) . Savings With Present
y \ GGt oLt . Invention
" KWH With Old, ..  KWH Pre- " ' Compared With
Conventional - sent " "’ Average Of
. System i D0 System :~Comparable -
e (Cost) e e (Cost) s o Months In
e 97900011980 £ 1981 -Previous Years
March " 45600 " . 37280 32160 23%
! (52923) ~ (52540) ($2326)
April 42160 38640 28560 30%
($2794) .. - (82589) (51841)
May 37360 33760 29640 17%
(32641) - - (32299) ($1845)
3 ;
Month : '
41706 36560 30120 23%

"Avg,

.This actual energy use for the three month period aver-
aged 117,400 KWH in 1979 and 1980 at an average cost
of $7,948.00 for the three months (based on 1981 rates).

35

65

4,374,506

10
In 1981, for the same period, it was 90,360 KWH at an
actual cost of $6,012 for the three months.

This was an astounding savings of 27040 KAH and
81,936 for the three months. This would be a savings of
10860 KWH and $7,744 per year. The monetary savings
come from both a.drop in the KWH usage plus a drop
in the peak KW demand. Th peak KW. demand was
140.8 KW in April, 1979, and 89.6 KW in April, 1981,
reflecting a disconnected 45 KW water heater used
with the former conventional system along with regular
variances. This amazing 37% drop in the peak demand
is an.important part of the cost savings.

The apparatus and techniques described in the em-
bodiments. illustrated has been necessarily specific for

..purposes. of -illustration. Alterations, extensions and

modifications would be obvious to those skilled in the
art. . .

The embodiments of the invention in which an exclu-
sive: property or privilege is claimed are defined as
follows:

1. In an automatic flue gas heat recovery system:

a heat exchanger housing adapted to be positioned in

a flue gas flow from a heat source;

heat exchanger tube means in said housing;

hot water storage tank means;-

water inlet.and outlet conduits connected to the hot

‘water storage tank means; ‘
. conduit means including at least two conduits con-
necting the tank means with the heat exchanger
tube means to provide a closed loop for circulating
water therebetween;
motor driven pump means in said conduit means
effective when activated to c1rculate water in the
“closed loop;

drain valve means being activatable between opened
and closed conditions and connected to said con-
duit means in position to drain said heat exchanger

" tube means when opened; and

- means for de-activating said pump means and open-

. ing said drain valve means in response to a temper-
- ature in said storage tank means exceeding a prede-
".termined value.
2. In an automatic flue gas heat recovery system:
a heat exchanger housing adapted to be positioned in
a flue gas flow from a heat source;

heat exchanger tube means in said housing;

hot water storage tank means;

‘water inlet and outlet conduits connected to the hot

water storage tank means;

conduit means including -at least two condu1ts con-

‘necting the tank means with the heat exchanger
tube means to provide a closed loop for circulating
water therebetween;

motor driven pump means in said conduit means’

effective when activated to circulate water in the
closed loop;

drain valve means being activatable between opened

and closed conditions and connected to said con-
duit means in position to drain said heat exchanger
tube means when opened;

thermostat control means including temperature sen-

sor means associated with the storage tank means
and connected to the pump means and drain valve
means to control activation thereof;

control means including means for activating said

pump means and closing said drain valve means in
response to the operational status of the heat
source; and
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said thermostat control means including means for
deactivating said pump means and opening said
drain valve means in response to a temperature in
said storage tank means exceeding a predetermined
value.
3. In an automatic flue gas heat recovery system
according to claim 2 in which said tank means has heat-
ing means activatable by said thermostat control means,
said thermostat control means being effective to acti-
vate said heating means in response to a temperature in
said storage tank means below a predetermined value.
4. In an automatic flue gas heat recovery system
according to claim 2 in which said conduit is connected
to vacuum breaker vent valve means in position to di-
rect air into said heat exchanger tube means in response
to draining of water therefrom.
5. In an automatic flue gas heat recovery system
according to claim 2 in which a flow control valve
activatable between opened and closed conditions is in
said conduit means, said control means being effective
to activate said flow control valve to open condition in
response to the operational status of the heat source,
and said thermostat control means being effective to
activate said flow control valve to closed condition in
response to a temperature in said storage tank means
exceeding said predetermined value.
6. In an automatic flue gas heat recovery system
according to claim 4 in which said drain valve means is
connected to one of said two conduits and said vacuum
breaker vent valve means is connected to the other of
said two conduits.
7. In an automatic flue gas heat recovery system
according to claim 5 in which said flow control valve is
in one of said two conduits on the inlet side of said heat
exchanger tube means and a vacuum breaker vent valve
means is connected to the same conduit between said
flow control valve and said heat exchanger tube means.
8. In an automatic flue gas heat recovery system
according to claim 2 in which said hot water storage
tank means includes two separate tanks, one of which is
connected to the conduit means to receive heated water
from said heat exchanger tube means, and the other of
which has self-contained water heating means indepen-
dent of said heat exchanger tube means, said tanks are
connected to said other tank.
9. In an automatic flue gas heat recovery system:
a heat exchanger housing adapted to be positioned in
a flue gas flow from a heat source;

heat exchanger tube means in said housing;

hot water storage tank means including main tank
‘means and auxiliary tank means, at least said auxil-
iary tank means having heating means therein;

water inlet and outlet conduits connected to the hot
‘water storage tank means; ;

conduit means including main conduit means con-
necting the main tank means with the heat ex-
changer tubé means to provide a main closed loop
for circulating water therebetween, and auxiliary
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12 ,
conduit means connecting the two tank means to
provide an auxiliary closed loop for circulating
water therebetween; _

motor driven pump means including main and auxil-

iary pump means in said main and auxlhary conduit
means respectively, said punip means belng effec-
tive when activated to cuculate water in the re-
spective closed loops;

drain valve means being activatable between opened

and closed conditions and connected to said main
conduit means in position to drain said heat ex-
changer tube means when opened,;

thermostat control means including temperature sen-

sors associated with the heat exchanger housing
and hot water storage tank means and connected to
the pump means and drain valve means to control
activation thereof;,

said thermostat control means including means for

activating said main pump means and closing said
drain valve means in response to a predetermined
temperature in said heat exchanger housing;

said thermostat control means includi'ng means for

activating said auxiliary pump means in response to -
a predetermined temperature in said main tank
means; and :

said thermostat -control means mcludmg means for

deactivating both of said pump means and opening,
said drain valve means in response to a predeter-
mined temperature in one of said tank means.

10. In an automatic flue gas heat recovery system
according to claim 9, the improvement in which said
thermostat control means includes separate temperature
sensors in said heat exchanger housing and in each of
said main and auxiliary tank means.

11. In-an automatic flue gas heat recovery system
according .to claim 9, the improvement in which said
main conduit means includes a flow control valve acti-
vatable between opened and closed conditions and lo-
cated on the downstream side of said main pump means,
and said thermostat control means includes means for
opening said flow control valve when said drain valve -
means is closed, and vice versa.

12. In an automatic flue gas heat recovery system
according to claim 9, the improvement in which said .
thermostat control means includes means for actlvatmg
the heating means in the auxiliary tank means to main-
tain a predetermined water temperature therein, and
said thermostat control means further includes means
for activating said auxiliary pump means in response to
the temperature in said main tank means reaching a
value at least equal to said predetermmed temperature
in the auxiliary tank means.

13. In an automatic flue. gas heat recovery system
according to claim 12, the improvement in which said
water outlet conduit is connected to-said auxiliary tank

means.
* k% % ok



